Introduction
In a recent paper 1] the authors reported some results of experiments on monitoring the attenuation of a collimated beam of 60 keV gamma photons by a liquid mixture flowing through a large diameter 10 cm) pipe. I was found that the measurement of the attenuation offered a technique for composition monitoring of substantial scale liquid-mixture flows. However, the energy of the radiation was too large to be useful for monitoring attenuation in smaller-scale systems found in many industrial environments. In this paper an extension of the previous work is reported in which lower energy X-ray photons have been used. Because these photons are less energetic, they are less penetrating; smaller path lengths can be used and the system is more appropriate for monitoring liquid flows in smaller-scale industrial systems.
When X-rays pass through matter they become scattered and absorbed. At the energies of interest here (<100 keV), the most important effects are those produced by the photoelectric and Compton processes. If a collimated beam of mono-energetic photons is attenuated to an intensity I from an initial intensity I0 in passing through a layer of material of path length x, then according to the Bouger-Beer-Lambert law:
I Io exp(-ux) (1) where u is the linear attenuation coefficient of the material concerned.
The linear attenuation coefficient of a mixture of materials [2] is given by: u pX. gi (u/p)i (2) where gi is the mass fraction of component i, (u/p)i is the mass absorption coefficient of component i, and p is the density of the mixture.
The mass absorption coefficient (u/p) [3] is given by:
(u/p) X. gj (u/p)j (3) where (u/p)) is the mass absorption coefficient of element j, and gj is the mass fraction of element j.
The mass absorption coefficient of an element (u/p) [3] is given by: McMaster et al. [4] The differences between the experimental and theoretical curves are probably due in large part to the inaccuracy of the atomic attenuation coefficient of hydrogen; empirical adjustment of this quantity gives a much better agreement between the theoretical and experimentl curves. 
